Abstract -Tri-catechol l i g a n d s form s e l e c t i v e and s t r o n g complexes w i t h t h e f e r r i c i o n , making them a t t r a c t i v e c a n d i d a t e s f o r u s e as i r o n decorporation pharmaceuticals. Recent work i n our group has concentrated on t h e s y n t h e s i s of macrocyclic and macrobicyclic l i g a n d s incorporating t h e 2.3-dihydroxyterephthalamide binding s u b u n i t , which has been shown t o be t h e most e f f i c i e n t b i d e n t a t e i r o n c h e l a t o r known (pM's ranging from 21.1 t o 22.7).
t h e f e r r i c i o n , making them a t t r a c t i v e c a n d i d a t e s f o r u s e as i r o n decorporation pharmaceuticals. Recent work i n our group has concentrated on t h e s y n t h e s i s of macrocyclic and macrobicyclic l i g a n d s incorporating t h e 2.3-dihydroxyterephthalamide binding s u b u n i t , which has been shown t o be t h e most e f f i c i e n t b i d e n t a t e i r o n c h e l a t o r known (pM's ranging from 21.1 t o 22.7).
Macrocyclic polycatechol l i g a n d s with endocyclic binding s u b u n i t s were synthesized using high d i l u t i o n techniques i n y i e l d s of up t o 24%. A s e r i e s of macrobicyclic t r i -c a t e c h o l l i g a n d s i n which t h e l i g a n d p r o p e r t i e s were v a r i e d by incorporating TREN, mesitylene t r i a m i n e , and TPT backbones, were s y n t h e s i z e d i n 10-15% y i e l
d v i a a s t e p w i s e approach employing high d i l u t i o n c o n d i t i o n s f o r t h e t r i p o d -t r i p o d coupling c y c l i z a t i o n .
I n a d d i t i o n , a template s y n t h e s i s was d e v e l o p e d which allowed t h e p r e p a r a t i o n of (Et,NH),[Fe(bicapped TRENCAM)] i n 50% o v e r a l l y i e l d . Reversible electrochemical behavior was observed above pH 11.5 f o r Na,[Fe(bicapped TRENCAM)] (E1/2 --.95V vs. NHE) and above pH 8.3 f o r Na3 [Fe(6icapped T 
The c r y s t a l s t r u c t u r e o f Na,[Fe(bicapped TRENCAM)] was determined and showed t h e coordination geometry about t h e metal c e n t e r t o be t r i g o n a l p r i s m a t i c , an unprecedented geometry f o r F e ( I I 1 ) .
Organisms have evolved s o p h i s t i c a t e d i r o n s o l u b i l i z a t i o n and t r a n s p o r t mechanisms t o a s s u r e a supply of t h i s e s s e n t i a l element.'
For example, microorganisms produce low molecular weight c h e l a t i n g a g e n t s , known a s siderophores, whose f u n c t i o n is t o s o l u b i l i z e t h e f e r r i c i o n a t physiological pH (KsP=10-39).' The siderophore e n t e r o b a~t i n~ ( F i g u r e 1 ) . which forms t h e s t r o n g e s t complex w i t h i r o n (Kf=1052)* of any known l i g a n d , perhaps best t y p i f i e s t h e s t a b i l i t y and s e l e c t i v i t y which is c h a r a c t e r i s t i c of t h e s e n a t u r a l p r o d u c t s . T h i s remarkable c h e l a t i n g agent has engendered t h e s y n t h e s i s of o t h e r t r i -c a t e c h o l l i g a n d s as p o t e n t i a l i r o n decorporation pharmaceuticals.'
The f i r s t s y n t h e t i c analog, MECAM ( F i g u r e l ) , was independently synthesized by Rastetter' and by us7. MECAM i n c o r p o r a t e s three 2,3-dihydroxybenzamide binding s u b u n i t s attached t o a mesitylene backbone, and, l i k e e n t e r o b a c t i n , forms a s t r o n g F e ( I I 1 ) complex ( K f = 1 0 4 6 ) e and mediates i r o n t r a n s p o r t i n E.Coli.' Subsequently, t r i -c a t e c h o l l i g a n d s w i t h l i n e a r ' " , t r i p o d a l " , and exocyclic7 topologies were prepared.
Macrocyclic and macrobicyclic l i g a n d s may enhance the s t a b i l i t y of their metal complexes due t o the i n h e r e n t e n t r o p i c and k i n e t i c p r o p e r t i e s of a l i g a n d r i n g o r c a g e -t y p e s t r u c t u r e .
Previous work" has shown t h a t , i n g e n e r a l , as t h e binding s i t e becomes more encapsulated or preformed t h e r e o r g a n i z a t i o n entropy decreases, l e a d i n g t o a r e l a t i v e l y higher formation constant for metal binding. Thus i t would be expected t h a t t h e formation c o n s t a n t s should be g r e a t e s t f o r t h e macrobicyclic > macrocyclic > exocyclic (Figure 2 ) . F i g u r e 3. P r o t o n a t i o n C o n s t a n t s , Formation C o n s t a n t s , and PM Values f o r Binding F i g u r e 4. S p e c t r a l Changes Associated With t h e F i r s t S u b u n i t s Derived From Catechol. P r o t o n a t i o n of t h e 1 :1 F e r r i c Ethane Trimer Complex.
Top Spectrum a t 4 5 0 m : pH 8.24; Bottom Spectrum: pH 7.08.
For s y n t h e t i c purposes, t h e i d e a l i z e d macrobicyclic s t r u c t u r e i n F i g u r e 2 can be viewed a s a " c a p p e d " t r i p o d , and, encouraged by t h e s u c c e s s of LehnL3 and Sargeson'* on o t h e r systems, we and o t h e r s began i n v e s t i g a t i n g m a c r o c y c l i c c a t e c h o l -c o n t a i n i n g l i g a n d s . V O g t l e ' ' , M a r t e l l " , and we" c h o s e a new b i n d i n g s u b u n i t f o r t h i s work, 2 , 3 d i h y d o x y t e r e p h t h a l a m i d e , r a t h e r t h a n t h e 2 , 3 d i h y d r o x y b e n z a m i d e s u b u n i t u s e d i n e n t e r o b a c t i n .
Research i n t o s i m p l e d e r i v a t i v e s of t h i s new c h e l a t i n g moiety ( t h e l a s t t h r e e compounds i n F i g u r e 3 ) show i t t o be s u p e r i o r t o t h e 2,3-dihydroxybenzamide group ( t h e f i r s t s t r u c t u r e )
both i n terms of formation c o n s t a n t and pM.ln The d i f f e r e n c e i n p M is most s t r i k i n g and i s due p r i m a r i l y t o t h e lower pKals of t h e new c h e l a t i n g groups. complexes and a r e t h e r e f o r e important s y n t h e t i c t a r g e t s . 
I n f a c t , a t p h y s i o l o g i c a l pH, t h e terephthalamide d e r i v a t i v e s a r e t h e most e f f i c i e n t b i d e n t a t e i r o n c h e l a t o r s known. T h e s e r e s u l t s s u g g e s t t h a t m a

n i t s have been s y n t h e s i z e d i n up t o 24% y i e l d u s i n g h i g h d i l u t i o n techniques."
An e x a m p l e o f t h i s class of compounds, t h e e t h a n e trimer, forms a f e r r i c complex which p r o t o n a t e s i n two s e q u e n t i a l one proton s t e p s , y i e l d i n g l o g K~~~= 7 . 6 3 ( 4 ) ( F i g u r e 4) and logKMH ~= 4 .
( 1 0 ) . S u r p r i s i n g l y , t h e p M c a l c u l a t e d f o r t h i s l i g a n d (28.2) is o n l y s l i g h t l y highe; t h a n t h a t o b t a i n e d f o r TRENCAM ( 2 7 . ) 1 1 a , a t r i p o d a l l i g a n d i n c o r p o r a t i n g t h e 2,3-dihydroxybenzamide b i n d i n g s u b u n i t . E v a l u a t i o n of t h e s e r i e s of crowns, i n which t h e r i n g s i z e i s v a r i e d from 30 t o 42 atoms, is expected t o y i e l d i n s i g h t s r e g a r d i n g t h e
i n f l u e n c e of c a v i t y s i z e and l i g a n d f l e x i b i l i t y on t h e s t r e n g t h of metal b i n d i n g i n macrocyclic l i g a n d s . 
I t r a d i t i o n a l high d i l u t i o n techniques and by t e m p l a t e m e t h o d o l o g y . ' g I n a o n e S t e p r e a c t i o n , c y c l i z a t i o n under high d i l u t i o n c o n d i t i o n s a f f o r d e d a 3.5% y i e l d of methyl p r o t e c t e d bicapped TRENCAM, while a s t e p w i s e approach c u l m i n a t i n g i n a h i g h d i l u t i o n t r i p o d -t r i p o d coupling gave a 27% y i e l d . By comparison, u t i l i z i n g a f e r r i c i o n t e m p l a t e i n t h e r e a c t i o n of disuccinimido-2,3-dihydroxyterephthalate w i t h TREN r e s u l t e d i n t h e formation of a p a r t i a l l y c y c l i z e d i n t e r m e d i a t e ( F i g u r e 5) which could be converted t o Fe(bicapped TRENCAM) i n a remarkable 50% o v e r a l l y i e l d .
A thorough i n v e s t i g a t i o n of how m a c r o b i c y c l i c topology a f f e c t s t h e s t a b i l i t y and chemistry of F e ( I I 1 ) complexes r e q u i r e s a series of compounds i n which t h e l i g a n d c a v i t y s i z e , f l e x i b i l i t y and charge a r e v a r i e d .
The m a c r o b i c y c l i c tris catechoylamides, i n which t h e l i g a n d p r o p e r t i e s are v a r i e d by i n c o r p o r a t i n g TREN, m e s i t y l e n e , and TPT backbones ( F i g u r e 6 ) , s a t i s f y t h i s requirement.'"
The methyl p r o t e c t e d compounds were s y n t h e s i z e d i n 10-15%
D e p r o t e c t i o n ( B B r , , C H C 1 , ) t y p i c a l l y proceeds i n 75% y i e l d t o g i v e t h e 2,3-dihydroxyterephthalamide d e r i v a t i v e s . Normal and d i f f e r e n t i a l p u l s e polarography i n d i c a t e d E1/2--0.95V vs. NHE, and a p l o t of p o t e n t i a l vs. l o g [ i l -i / i ] was l i n e a r w i t h a s l o p e of 60 mV, a s expected f o r a r e v e r s i b l e , one e l e c t r o n t r a n s f e r . While 1 e x h i b i t s complicated pH dependence below pH 11.5, t h e El12 f o r bicapped TRENMECAM 2 is i n v a r i a n t between pH 8.3 and 12.0 (-0.92 V vs. NHE). The l a r g e , n e g a t i v e r e d u c t i o n p o t e n t i a l observed f o r t h e s e compounds is c h a r a c t e r i s t i c of o t h e r t r i -c a t e c h o l l i g a n d s we have s t u d i e d z 1 , and i n d i c a t e s t h a t t h e s e l e c t i v i t y f o r c o o r d i n a t i o n of t h e f e r r i c over t h e f e r r o u s i o n is r e t a i n e d i n t h e cage complexes, g i v i n g a r a t i o of t h e formation c o n s t a n t s Kf A s shown i n F i g u r e 7 , t h e e n t i r e catechoylamide group is p l a n a r , with t h e t r a n s c o n f i g u r a t i o n of t h e amide allowing f o r a s t r o n g hydrogen bond between t h e amide proton and t h e c o o r d i n a t e d c a t e c h o l oxygen. To accommodate t h i s s t a b l e l i g a n d s t r u c t u r e , t h e metal i o n lies 0.81 8, away from t h e l i g a n d s o t h a t t h e r e is a 31° d i h e d r a l a n g l e between t h e plane d e f i n e d by t h e i r o n and two oxygen atoms and t h e c a t e c h o l plane. The r e s u l t a n t t r i s k e l i o n is shown c l e a r l y i n F i g u r e 8. The ellipsoids are scaled to represent the 50% probability surface. ORTEP showing a side view of Fe(bicapped TRENCAM). The ellipsoids are scaled to represent the 50% probability surface.
The determination of formal stability constants and further investigation into the pH dependence of the electrochemistry are in progress.
Structure determinations of ferric complexes of other macrobicycles in the series with more flexibility and larger cavity sizes may be expected to form the normal octahedral coordination geometry. In any case, complexation of transition metal8 with large octahedral crystal field stabilization energies (such as Cr(II1)) should force the geometry away from the novel trigonal prismatic coordination demonstrated by Fe(bicapped TRENCAM).
